The effects of biofungicide formula containing the biocontrol agent Trichoderma harzianum (Jn14) as wettable powder in combination with the fungicides pyrimethanil and a mixture of cyprodinil and flydioxonil on Botrytis cinerea of strawberry in vitro, in vivo and in greenhouse were studied. The pathogen B. cinerea was more affected in vitro by low concentrations of the fungicides tested above 0.4 µg ml −1 than the bioagent T. harzianum (Jn14). The later was almost insensitive to pyrimethanil. In the same direction, gray mould disease severity on strawberry detached leaves and whole plants was reduced up to 89% by the tested fungicides, compared to the control, while the application of T. harzianum (Jn14) alone reduced disease severity up to 45% on strawberry detached leaves, compared to the control. In the integrated control approach, the combination of T. harzianum (Jn14) with higher concentrations of the tested fungicides (ED 50 ) completely inhibited strawberry gray mould disease severity in pots and the greenhouse.
quality. Chemical control of the disease often depends on frequent fungicide applications, utilizing compounds for various chemical classes, and targeting specific cellular processes in fungi (e.g. respiration, sterol biosynthesis etc.). Unfortunately, the occurrence of resistance to different fungicides with specific mode of action, as well as residues of fungicides in food have been frequently reported [2] [3] [4] [5] [6] [7] [8] . Biological control using the well-known biocontrol agent Trichoderma harzianum against gray mould was intensively used as alternative [9] . Several investigators reported that Trichoderma isolates were effective in controlling anthracnose and grey mould in strawberry, under laboratory and greenhouse conditions [10] [11] [12] [13] . In addition, the bacterium Paenibacillus polymyxa (Isolate 18191), obtained from mature strawberry fruit, had shown antagonistic potential against B. cinerea, and reduced disease severity by reducing germination and germ tube growth [14] . The efficiency of Clonostachys rosea alone or integrated with fungicide sprays, reduced the incidence in both flowers and fruits [15] . The safety of T. harzianum as a biocontrol agent has been evaluated at different levels based on impact on non-target insects and mammals including humans, and no safety concerns were identified [16] . There is an increasing interest in the last two decades in the use of T. harzianum in biocontrol programs against several important plant diseases worldwide. Furthermore, several commercial formulations were developed in several countries lately such as Bio-fungus Supersivit  (BioPlant, Denmark), RootPro  (Efal Agri, Israel), and RootShield  (Bioworks Inc., USA).
In Palestine, during an intensive survey for many years, eighty five isolates of T. harzianum were recovered from soil samples collected from different agricultural areas in the West Bank. The efficiency of the Palestinian native isolates against several soilborne and foliar plant pathogens such as Sclerotium rolfsii, Fusarium oxysporum f. sp. lycopersici, Rhizoctonia solani and Botrytis cinerea was evaluated. A very virulent isolate (Jn14) was identified and was able over the years to induce high control rates of diseases, stimulated the plants growth and increased productivity through increasing the release of nutrients from available organic matter [17] . This isolate (Jn14) was formulated as a safe biofugicide and biofertilizer for vegetable nurseries and growers.
The objective of this study was to evaluate the effect of native Trichoderma harzianum formulated as wettable powder in combination with low dose of fungicides in controlling gray mould (Botrytis cinerea) of strawberry in vitro, in vivo and under greenhouse conditions (Appendix).
Materials and Methods

Botrytis cinerea Isolate
B. cinerea isolate used in the study was collected from a greenhouse cultivated with strawberry located in Hebron-West Bank of Palestine. Fruits, exhibiting symptoms of grey mould disease were detached from plants and placed in clean plastic bag. Infected fruits were placed in sterile Petri dishes, and small pieces of fruits were transferred and surface sterilized by using 1% sodium hypochlorite for 3 minutes, washed three time with sterilized distilled water and placed in the centers of Petri dishes containing potato dextrose agar (PDA) amended with 500 mg l −1 chloramphenicol (10 ml PDA medium per dish). Petri dishes were then incubated at 22˚C. After 4 days, mycelia growing at the edges of the colonies were subcultured on three Petri dishes containing PDA and incubated again at 22˚C with overhead fluorescent light. After 10 days, conidia were harvested from dishes by pipetting 5 ml sterilized distilled water and rubbing colonies gently with sterile glass rods. Conidial suspension was then filtered through double layers of sterilized muslin membrane to remove all traces of mycelium. Conidial suspension (200 µl) were then seeded on 90-mm PDA Petri dishes and incubated at 22˚C. After 2 days, single germinated conidia were removed using a fine sterile needle and transferred to new PDA Petri dishes, identified as (Bc1) and incubated for future experiments.
Trichoderma harzianum Formula
Trichoderma harzianum isolate (Jn14) was identified based on RAPD analysis and the sequence of (ITS) [18] , and formulated as wettable powder (WP) on Talc. The isolate was grown on 90 mm PDA medium plates for 10 days. Conidia were harvested from plates by pipetting 5 ml sterilized distilled water in plates and rubbing colonies gently with sterile glass rods. Conidial suspension was then filtered through a double layer of sterilized muslin membrane to remove all traces of mycelium. The filtrate suspension containing spores was centrifuged at 2308 ×g (RCF) for 15 minutes and the supernatant was discarded. The spore pellets were washed thoroughly by adding sterile distilled water, vortexed to ensure homogeneous suspension and centrifuged as discussed earlier (2 times).
Pellets were then recovered in sterile water, and spores mixed well with talc powder (1:2, v:v) (Sigma, T-2015). The mixture was placed on aluminum foil in a sterile tray (in the form of small heaps) in a vacuum dryer oven at 35˚C for 48 -72 hours. Once dried, the heaps which looked like "cakes" were crushed and sieved (200 μm) under sterile conditions to avoid contamination. The talc-formula was stored dried in a tightly closed flask either at 4˚C. The concentration of spores in the formula was evaluated by counting the number of CFU/g of talc by using dilute plates techniques.
Fungicides
Fungicides used in the experiments were pyrimethanil (Mythos  SC 300 g•l 
Effect of Fungicides on T. harzianum and B. cinerea
The effect of fungicides on T. harzianum and B. cinerea isolates was evaluated in vitro on mycelial growth rate and conidial germination, and in vivo on gray mould lesions on detached strawberry leaves and disease severity on whole plants. . Growth media without fungicides were used as control. Growth media were dispensed into standard disposable Petri dishes (90 mm diameter) with 14 ml of medium in each dish. Petri plates were then in- concentrations to calculate linear regression and identify the fungicides effective dosage that reduced fungal growth by 50% (ED 50 ).
In Vitro
Conidia Germination
The germination of conidia was evaluated as conidial germination percentage in 24 wells microtiter sterilized plates (Greiner bio-one, Germany). The conidia of both T. harzianum and B. cinerea were harvested from 7 days old cultures growing on PDA medium and incubated at 25˚C, by gently rubbing the fungal colonies with a glass rod in 10 ml sterile DW. Conidial suspension was then filtered through a double layer of sterilized muslin membrane to remove all traces of mycelium. The filtrate suspension containing spores was centrifuged at 2308 ×g (RCF) for 3 minutes and the supernatant was discarded. The spore pellets were washed thoroughly by adding sterile distilled water, vortexed to ensure homogeneous suspension and centrifuged as discussed earlier (2 times). Conidial concentration was then adjusted using a haemocytometer to 2 × . After the sprayed solutions were absorbed by leaves, the detached leaves were inoculated by placing a 5-mm diameter agar block taken from 3-day-old PDA cultures of B. cinerea. The boxes were moistened, covered by transparent plastic film and incubated at 22˚C with a 12 h photoperiod. Evaluation of disease development on detached leaves was carried out by measuring the rotting leaf area around the inoculum disk (lesion diameter in mm) after 7 days of incubation.
The experimental design was a completely randomized design, where six leaves of strawberry plants considered as replicates for each concentration. The experiment was repeated and the effective dosage concentration (ED 50 ) for both fungicides and the T. harzianum formula was calculated from linear regression.
Disease Severity on Strawberry Whole Plants
Ten strawberry plants (4 months old), were sprayed until runoff with the concentrations: 0, 200, 400, 600, 800, and 1000 μg ml 
Greenhouse Experiment
In this experiment, fungicides were integrated with T. 
Statistical Analysis
The data of mycelial growth rate, conidial germination, lesion diameter, and gray mould disease severity and fruit incidence were statistically analyzed by using one way ANOVA and Fisher LSD (statistical software Sigma Stat  2.0 program, SPSS Inc., USA). In addition, The ED 50 values against mycelial growth rate, conidial germination, lesion growth, and disease severity were estimated statistically for both fungicides using linear regression equations. . Concerning conidial germination, both fungicides reduced germination percentages of both fungi compared to the control but in lower proportions. Similarly, T. harzianum conidial germination was less affected, by both fungicides than B. cinerea. The fungicide Pyrimethanil (0.4 -3.6 µg•ml −1 ) was able to reduce percentages of conidial germination by 1% -13% and 17% -48% for T. harzianum and B. cinerea, respectively. However, the fungicide mixture of Cyprodinil & Flydioxonil was able to reduce percentages of conidial germination by 25% -47% and 68% -88% for T. harzianum and B. cinerea, respectively.
Results
In Vitro
In Vivo
The fungicide Pyrimethanil (100 -900 µg ml −1 ) significantly reduced grey mould lesions development on strawberry detached leaves by 20% -89% compared to the control ( Table 2 ). The reduction in lesion development was positively correlated with increasing fungicide concentrations (r 2 = 0.91, P ≤ 0.05). The effective dose of Pyrimethanil to induce 50% reduction in lesion development (ED 50 ) on strawberry detached leaves was 577 µg•ml −1 . Furthermore, Pyrimethanil significantly reduced gray mould disease severity on whole plants by 18% -65% at the concentrations (600 -1000 µg•ml ) significantly reduced grey mould lesions development on strawberry detached leaves by 16% -75% compared to the control ( Table 2 ). The reduction in lesion Table 2 . Effect of fungicides pyrimethaiil, a mixture of cyprodinil and flydioxonil and the biocontrol agent T. harzianum (Jn14) on gray mould lesions on detached leaves and on gray mould disease severity (%) on strawberries whole plants. The T. harzianum biofungicide formula significantly reduced grey mould lesions development on strawberry detached leaves by 19% -45% compared to the control at the concentrations 10 7 -10 9 spores ml −1 ( Table 2 ). The reduction in lesion development was positively correlated with increasing spore concentrations (r 2 = 0.67, P ≤ 0.05). Furthermore, the T. harzianum biofungicide formula significantly reduced gray mould disease severity on whole plants by 13% -15%
at the concentrations (10 7 -10 9 spores ml −1 ), compared to the control. The re-duction in disease severity was positively correlated with increasing spore concentrations (r 2 = 0.63, P ≤ 0.05).
Gray Mould Integrated Control
All treatments including the use of fungicides, T. harzianum or both significantly reduced gray mould disease severity in strawberries grown in pots or in greenhouse soil compared to the control (Table 3 and Figure 1 ). In the pot experiment (Table 3) ) were able to reduce disease severity by 54% -65%, compared with the control. T. harzianum alone reduced disease severity by 48% at the concentration of 10 9 spores ml −1 , but declined to 29% when the lower spores concentration was used (10 8 spores ml −1 ).
In the greenhouse experiment (Figure 1 ), both fungicides in combination with T. harzianum reduced disease severity by 90% -92% and disease incidence by 88%, compared to the control. The fungicides treatments alone reduced disease severity by 75% -77%, and disease incidence by 76% -80%, while the T. harzianum treatment alone reduced disease severity by 50%, and disease incidence by 54%, compared to the control.
Discussion
Biological control of strawberry gray mould disease using a bio-formula containing the biocontrol agent Trichoderma harizanum in combination with low Table 3 . Effect of integrated control using a low dose (ED 50 ) of the fungicides pyrimethaiil, a mixture of cyprodinil and flydioxonil and the biocontrol agent T. harzianum (Jn14) on gray mould disease severity (%) on strawberries whole plants. dose of fungicides can provide a useful and environmentally safe tool. In addition, this reduces the possibility of resistance development to fungicides. The bio-formula containing T. harzianum (Jn14) reduced gray mould lesions development on strawberry detached leaves in addition to disease severity on plants grown in pots and under greenhouse conditions. From the in vitro study results, it was obvious that the pathogen B. cinerea was more affected by low concentrations of the fungicides tested (> 0.4 µg•ml −1 ) than the bioagent T. harzianum (Jn14); this was true for the mycelium growth rate and the conidia germination.
In this direction, Khirallah et al. [19] showed that sensitivity of T. harzianum to various fungicides was variable depending on the concentration and the active ingredients of tested fungicides. Furthermore, it was noted that moderate sensi-tivity of T. harzianum to cyprodinil and fludioxonil is due to active ingredients of two different families with two different modes of actions [20] . In addition, T. harzianum (Jn14) was almost insensitive to Pyrimethanil. Similar results were found by Yuan et al. [21] , who showed that Trichoderma (T-21) was resistant to Pyrimethanil.
As for the disease severity on strawberry detached leaves and whole plants, gray mould was reduced up to 89% by the tested fungicides compared to the control confirming the in vitro experiment's results. Similar results on the effectiveness of Pyrimethanil and the fungicide mixture of Cyprodinil & Flydioxonil against gray mould disease severity was documented by Menzel et al. [22] , and Rosslenbroich and Stuebler [23] . However, in this study the application of T. harzianum (Jn14) alone reduced disease severity on strawberry detached leaves up to 45% compared to the control. This partial reduction in gray mould disease severity was thoroughly discussed by several researchers [22] [24] [25] .
In the integrated control experiments, the combination of the higher concentrations of tested fungicides and T. harzianum (Jn14) completely inhibited strawberry gray mould disease severity in pots and the greenhouse. Robinson-Boyer et al. [11] reported that the combinations of commercially available biological control agents (BCAs) can provide effective control to B. cinerea on detached strawberry leaves. They further elaborated that using Trichoderma atroviride (LC52) and Trichoderma harzianum (T22) were very effective either alone or in sequential combination with other BCAs. Furthermore, Xiangming et al. [13] reported that the combinations of commercially available biological control agents containing T. atroviride (LC52) and T. harzianum (T22), might control B. cinerea more effectively than individual BCAs on strawberry leaves and the efficacy affected by application regimes and temperature.
Conclusion
In conclusion, this study demonstrated the compatibility of T. harzianum (Jn14) with the tested fungicides (Pyrimethanil and a mixture of Cyprodinil & Flydioxonil) in the control of B. cinerea on strawberry. T. harzianum (Jn14) tolerated both fungicides at the in vitro, in vivo, and greenhouse levels, while B. cinerea was sensitive to these compounds at these levels.
